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® Method and apparatus for laminating composite materials. 

® An improved method and apparatus for prevent- 
ing buckling of thermoplastic composite laminates 
during an autoclaving process. Edge strips are 
placed around the periphery of the laminate to pre- 
vent the vacuum bag of the autoclave from maldng 
contact with the edges of the laminate when the 
autoclave is pressurized. As a result, the vacuum 
bag is prevented from imparting inwardly directed 
forces to the edges of the laminate which could 
othenvise cause the laminate to buckle. 
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haethod and apparatus for laminating composite materials 



Technical Field 

This invention relates to a method and appara- 
tus for laminating composite sheets In an auto- 
clave, and more particularly, to a method and ap- 
paratus for preventing the thermoplastic composite 
sheets from wrinkling during the autoclaving proce- 
dure. 



Background of the Invention 

Aircraft structures have traditionally been man- 
ufactured primarily of such metals as aluminum, 
titanium and steel alloys. However, the cunrent 
trend is to manufacture many previously metal 
structures from composite materials such as car- 
bon fibers Impregnated with an appropriate resin. 
The particular resin chosen causes the composite 
material to be either thermoplastic or thermoset- 
ting. Thermoplastic composite materials t>ecome 
soft and pliable when heated so that they may be 
repeatedly reformed by heating. Thermosetting 
composite materials are normally pliable before 
they have been heated. However, they are cured 
by the application of heat Thus, once thermoset- 
ting composite materials have been exposed to 
heat they permanently lose their pliability. 

Composite materials used to fabricate aircraft 
structures-whether they be thermoplastic or 
thermosetting-are normally available In relativety 
thin sheets or tapes having their fibers extending in 
a single direction. These unidirectional sheets or 
tapes are normally stacked several layers deep in 
order to increase the thickness and hence strength 
of the resulting composite structure. Also, the an- 
gular orientation of the fibers in each layer can be 
selected to tailor the strength characteristics of the 
structure in each direction. For example, by orient- 
ing the fibers in most of the layers in a longitudinal 
direction, a composite structure can be made 
stronger longitudinally than It is transversely. 

As mentioned above, the process of laminating 
sheets of composite materials begins with the 
stacking of the composite sheets to form a lami- 
nate. The sheets are stacked on a tool or mold 
having a surface that conforms to the desired 
shape of the composite structure. When the sheets 
are initially stacked, the laminate is substantially 
thicker than the finished product because of the 
presence of air gaps in the laminate resulting from 
waviness in the composite sheets. The laminate is 
compressed to the thickness of the finished prod- 
uct and formed into an integral mass through the 



combined application of heat and pressure. If the 
tool on which the laminate is placed is flat the 
pressure may sometimes be applied with a con- 
ventional press. However, it is often necessary for 

5 the composite structure to have a complex cur- 
vature. Under these circumstances, it would be 
necessary to machine the surface of the tool to this 
complex curvatore, to machine the contour of the 
pressure plate of the press to exactly match the 

70 complex curvature of the tool, and to then position 
the pressure plate and tool in exact registration 
with each other. It is very difficult and hence ex- 
pensive to produce a press that can meet these 
requirements, especially where the size of the 

IS composite structure is large, thus requiring a large 
press. Conventional presses may also be inad- 
equate even If the surface of the tool is completely 
flat It is Important that the pressure on the lami- 
nate be relatively constant. However, variations in 

20 the thickness of individual sheets in the laminate 
can make tiie laminate tiiicker in some areas. As a 
result tiie pressure tiiat tiie press applies to the 
laminate will be greater in these areas. Similarly, 
the pressure on the laminate will also be less In 

25 areas where localized variations in the thickness of 
tiie sheets make the laminate relatively thin in 
some areas. Thus conventional presses may be 
inadequate even where the tool is flat and the 
pressure plate of the press is also perfectly flat and 

30 positioned parallel to tiie tool during tite laminating 
process. 

The akx>ve-described limitations of conventional 
presses for use in the laminating process have led 
to the widespread use of autoclaves to laminate 

35 composite sheets. In autoclave processing of com- 
posite sheets, a predetermined number of sheets 
are stacked on a tool having the desired shape of 
the composite structure. A porous breather cloth, 
such as a Rberglass® clotii. is placed over the 

40 laminate. The breather cloth is then covered by an 
air-impenmeable sheet and the edges of the air- 
Impermeable sheet are sealed to the surface of the 
tool so that the air-impermeable sheet in combina- 
tion witii the tool, forms a vacuum bag. Air is 

45 generally evacuated from a vacuum port In the tool 
so that tiie pressure differential between the interior 
and exterior of the bag is reflected as a pressure 
exerted on the laminate. The laminate and vacuum 
bag assembly is then placed in an autoclave. The 

50 autoclave Is basically a closed container that is 
heated and pressurized. The pressure differential 
between the evacuated interior of the vacuum bag 
and the pressurized autoclave consolidates the 
laminate, while the heat causes the composite 
sheets in the laminate to adhere to each other to 
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tomi a unttary structure. It Is Impoilarrt to recognize 

^° above-described llmitafions of con- 
ventional presses. Rrst the pressure applied to the 
;m|nate will be constant regardless oTL suS^ 
contour 0^ the tool. Thus composite structurS^ 
I? ^ manufactured easl- 

JJH be constant regardless of variations in the 

thtclrn^ of individual Sheets In the laminate. 
Although ttiere are many advantaoes tn 

to temlnate comi^S^rJ^. S 
are also some problems. When the vacuum bw 
evacuated during tt,e autoclaving ^^^«,e 
^acuum can draw resin from out of'ti^ 

to J^^.^PP™**^ developed 

LJS^r" *^ P"""^- « nonstrucS 
resfivimpermeable dam has been placed around 
flie lammate in contact wItt, its edges. Such^ 

Pwwnts toe flow of resin from the edges of ihe 
^^'J^^^^ *° bl«d 

SSSu^ ^ ''^'^y «rf the 

vacuum bag for a predetennlned period after heat 
has been applied to the laminate. Heat cauSs^ 
m^sj. Of tf,e resIn in the laminate 
^ viscosrty has increased suffldentiy. the 
resin w. | not flow finom the laminate wh the 
vacuum is applied. ^ 

P"^*^ encountered in processing 
^'T^ ^ ^'^^ vvrinldin^ 
to 2 °^ ™^ Pf'^nomenon a,? 

pears to be caused by transverse pressure that flw 
vacuum bag exerts on edges'^of the liS^ 
^^Jl ^r^'^ Process when the ttS^ 
SS«^r^^'"^ being reduced from its 

*° ♦he tiiidcness of tS 
final structure. The problem does not occur ^ 
composite materials using ttwrniosetting resins, it 
Dri^frlT^ *hat the heat applied to the lanlnate 
prior to con«,lidation causes curing of themioset- 

ST'".^ so that they are not s^ 

2^on TTius tt« problem remains unso^ed onty 
autoclave processing of ihemwpiastic conv 
poate matenals. Furtfiemiore. tiie problem appeara 
to be more serious with tfie higher autoclave pre^ 

prthZi^^ T^"" '^'^ ^ ^ 

Piex themiopiastic composito structures. 



Summary of the Invention 

is JllSf.'^ ^ ^ m^enSon. ihere 

sheSSto^mf """Poste 
sneete to fomi a composite structure, comprisino- 

providing a tool having a wortdng Surface S" a 



c«itour conforming to the desired configuration of 
ttie composite structore- 

stecwng a^urality of t^e composite sheets on the 
^ ;^ng«^ceofthetool.ti,erebytom,ingalam' 

^tSnL^J^^.^^ '^'^ ^ach edge of tiie 
aminate tt,e strips being secured so That they 

10 ZS* tSf?/ ^ ^''^^ '^'■"9 spaced apart 
frw" the adjacent edge of the laminate by at iS 
a firet predetermined distance and by noZ^ ^ 
a second predetemiined distance- ™ *han 
covering ttie laminate and the edge strips witf, an 
f^Pemieable sheet and seaOng tiiesh^tTtJS 

Sheet a^^tSS 

fomi an airtight vacuum bag; 

ISS*?!^, * P^ssure to the vacuum bag 

and applying heat to ti,e laminate, ttiereby conS 
dating the laminate and fonning ttie lamiiurte i3a 

being selected so tf«t each of ttie edge^ps 
remams ^aced apart from its adjacent ed?e T^l 
lammme in ttie event of any inward deflSion cl 
the edge stnp when tiie differential pressure is 

temg selected so ttat-tiie gap between each of tiie 
«lse «np8 and ttie adjacent edge of tiie laminae 
SrS'Zr,'°^"°" ^-'"'Pem.eabie sTeSt 
30 SreisTiNer''^"'""*^'««-«"«^P«- 
Ac«ording to anottier aspect of ttie invention. 
tt«^ .8 provided an apparatus for fabricating com: 
^. to stmctures from sheets of composi^ 
tenal, comprising: 

onS" ^^"^"^ ^ ^""^ ''hh a contour 

^"21? ttie desired configuration of ttie cT- 

Sliinat?^ °" a 
-«» a plorali^ of edge stilps surrounding ttie laminate 
so tt«t or«of tiie edge strips is pLoneTS 

^,^f* the strips being 

Mcured so tiiat ttiey remain relatively Sonar! 

4S TnJZ^ *^ ^ the ed^ 

ISL^^nlf « '«^t a first predetemiin^ 
SS^rce^ " ^ P^^'^^- 

so "dt'TSgTC! "'"'^ '""^ 

means for sealing tf,e air-impenneable sheet to ttie 

f^rrJi^H? ^° the Sheet and tool 

fomi an airtight vacuum bag; and 

55 Scri!!''^^?';^P'y«"9«P^ssure to tiie vacuum 
S^oTHti^*"?"? heat to ttie laminate, thereby 
wnsolidabng ttie laminate and forming the laminate 
mto a unitary structure, ttie first predetemiined 
distance being selected so ttiat eacE of ttT^e 
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strips remains spaced apart from its adjacent edge 
of the laminate in the event of any inward deflec* 
tion of the edge strip when the autoclave applies 
the pressure to the vacuum bag and the second 
predetermined distance being selected so that the 
gap between each of the edge strips and the 
adjacent edge of the laminate is too narrow to allow 
the alr-impermeable sheet to force itself into the 
gap when the autoclave applies the pressure to the 
vacuum bag. 

JThe invention may provide a method and ap- 
paratus for laminating thermoplastic composite ma- 
terials that prevents the laminate from wrinkling or 
buckling during the autoclave process. 

The invention may also provide an autoclave 
for laminating thermoplastic composites without 
buckling that utilizes most of the components of 
conventional autoclaves. 

Further, the Invention may provide an autoclave 
procedure for laminating thermoplastic composites 
without buckling that can be operated by anyone 
who is capable of operating a conventional auto- 
clave. 

The invention also conveniently provides an 
autoclave for lamirtating thermoplastic compositBS 
without buckling that can easily be adapted to 
fabricate laminates having a wide variety of shapes 
and sizes. 

Preferatrty the. invention provides a method and 
apparatus for laminating oomposits sheets to form 
a composite structure using an autoclave. A pro- 
cessing assembly includes a tool having a working 
surface on which the laminate is placed and an air* 
impermeable ^leet sealed to the tool around the 
laminate so that the sheet and tool form an ^rtlght 
vacuum bag that is preferably evacuated prior to 
the autoclaving procedure. The processing assem- 
bly is then placed in an autoclave to consolidate 
the laminate and form it into a unitary structure. In 
order to prevent buckling of the laminate as it is 
consolidated in the autoclave, edge strips are 
placed adjacent the edges of the laminate and 
secured to the tool or to each other so that the 
edge strips remain relatively stationary with respect 
to the laminate. The strips resist the inward force 
that the air-impermeable sheet would other-wise 
exert on the laminate when the vacuum bag is 
evacuated and the autoclave is pressurized. The 
edge strips are spaced apart from the adiacent 
edge of the laminate by a gap that is too narrow to 
allow the air-Impermeable sheet to force itself into 
the gap but wide enough to maintain each of the 
edge strips spaced apart from the adjacent edge of 
the laminate in the event of any inward deflection 
of the edge strip when the autoclave is pressurized. 
The edge strips preferably have a height that is 
greater than or equal to the consolidated thickness 
of the laminate, and a thickness-to-height ratio of at 



least three so that the strips have sufficient stiff- 
ness to resist the inward force exerted on the edge 
strips by the autoclave pressure without significant 
inward deflection. 

5 

Brief Description of the Drawings 

Figure 1 is a schematic view of a conven- 
70 tional autoclave shown in operation processing a 
composite laminate. 

Figure 2 is a graph of the application of 
temperature and pressure as a function of time in 
prior art autoclaves and in the inventive autoclave. 
75 Rgure 3 is a schematic view showing the 

use of edge strips in an autoclave to prevent buck- 
ling of the composite laminate. 

Rgure 4 is a partial top plan view of one 
embodiment of the edge strips used in the auto- 
20 clave of Rgure 3. 

Rgure 5 is a partial top plan view of an 
aitemative embodiment of the edge strips used in 
the autoclave of Rgure 3. 

Rgure 6 is a partial top plan view of another 
25 embodiment of the edge strips used in the auto- 
clave of Rgure 3. 

Rgure 7 is a cross-sectional view taken 
along the line 7-7 of Rgure 6. 

30 

Detailed Description of the Preferred Embodiments 

A conventional autoclave 2 is Illustrated in 
schematic form in Rgure 1. As mentioned atxive, 

35 such autoclaves are conventionally used to apply 
heat and pressure to composite laminates to cause 
the laminates to consolidate and form a unitary 
composite structure. A processing assembly 10. 
including a tool 12 of steel or some other suitable 

40 material and having a working surface 14. Is placed 
in the autoclave 2. Sheets of conventional compos- 
ite materials are stacked on the working surface 14 
of the tool 12 to form a laminate L. In Its original 
form, the laminate L has an unconsolidated thick- 

45 ness that Is substantially greater than the final 
thickness of the consolidated laminate that fonms 
the composite structure. The worlcing surface 14 is 
illustrated in Rgure 1 as being planar, but it should 
be understood that the contour of the working 

50 surface 14 is more commonly curved, and often in 
a complex manner. 

The processing assembly 10 also includes an 
2ur-impermeable sheet 16 of conventional design 
that covers the entire laminate L The sheet 16 is 

55 sealed at Its edges around the laminate L by a 
conventional edge seal 18. The air-impermeable 
sheet 16 and tool 12 thus form an airtigfit vacuum 
bag. The tool 12 also Includes a vacuum port 20 
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located within the vacuum bag beneath the air- 
impermeabie sheet 16. A conventional vacuum 
pump (not shown) is nonnally connected to the 
vacuum port 20 to evacuate the vacuum bag prior 
to or during the autoclaving .process. A second 5 
vacuum port 22 extending through the edge seal 
18 may also be used to evacuate the vacuum bag. 
When the vacuum bag is evacuated and the auto- 
clave 2 is pressurized, the pressure differential 
between the inside and the outside of the vacuum 10 
bag causes the sheet 16 to apply a compresshre 
force to the top and sides of the laminate L 

Evacuating the vacuum bag prior to placing the 
processing assembly 10 In the autoclave holds the 
composite sheets in the laminate L in position as 75 
the processing assembly 10 is placed in the auto- 
clave 2. Removing the air from the vacuum bag 
prior to placing the assembly 10 in the autoclave 
also lessens the volume of air that the autoclave 2 
must force out of the bag during processing. Thus 20 
it is highly desirable to evacuate the vacuum bag 
prior to the autoclaving process. However, the pro- 
cess can be performed without previously evacuat* 
ing the vacuum bag as long as the vacuum bag is 
vented to atmosphere when the autoclave 2 is 25 
pressurized. 

It is generally desirable for the processing as- 
sembly. 10 to include an air-permeable breather 
doth 30 of conventional design to cover the lami- 
nate L The breather cloth 30 allows the air to flow 30 
more easily beneath the air-Impermeable sheet 16 
to facilitate the quick and even evacuation of the 
vacuum bag. An air-permeable release film 32 of 
conventional design should be positioned between 
the breather cloth 30 and the laminate L, The 35 
release film 32 is made from or coated with a 
chemically inert material, such as Teflone. The 
release film 32 prevents the breather cloth 30 from 
sticking to the laminate L at the end of the auto- 
claving process. Both the release film 32 and the 40 
breather cloth 30 must be fabricated of a material 
that is capable of withstanding the high tempera- 
tures of the autoclaving process. 

As mentioned at)ove, the autoclave 2 of Rgure 
1 includes a conventional heater (not shown) for 45 
heating the laminate L as it is compressed when 
the vacuum bag is evacuated and the autoclave 2 
is pressurized. The operating cycle of the auto- 
clave 2 is illustrated in Figure 2. At the start of the 
processing cycle, the vacuum bag is preferably 50 
evacuated and the laminate L is gradually heated 
until Ite temperature has increased to a maximum 
650oF. When the temperature of laminate L 
reaches 650oF, the autoclave 2 is pressurized to 
about 185 psig, thereby applying a compressive 55 
force to the top and the edges of the laminate L 
Once the autoclave 2 is pressurized, the vacuum 
bag can be vented to atmosphere, although the 



867 A2 




vacuum can also tje maintained all during the auto- 
claving process. The temperature remains at 650oF 
and the autoclave pressure remains at 185 psig for 
about 1 hour. After about 1 hour, the laminate L is 
allowed to gradually cool. When the laminate L has 
cooled sufficiently so that the resin In the laminate 
L has hardened, the autoclave 2 may be depres- 
surized; and if the vacuum bag has not already 
been vented, it can be vented at this time. The air- 
impenneable sheet 16, breather cloth 30 and re- 
lease film 32 are then removed from the laminate 
L, and the laminate L in the form of the finished 
composite structore is removed from the working 
surface 14 of the tool 12. 

The compressive force that the air-imperme- 
able sheet 16 exerts on the laminate L when the 
autoclave 2 is pressurized acte on the laminate L in 
all directions. Thus, In addition to the downward 
force exerted on the upper surface of the laminate 
L, the sheet 16 also exerte inward forces on the 
edges of the laminate L It is believed that these 
inward forces can cause the laminate to buckle, 
thereby making the resulting composite structure 
unsuitable for its Intended use. As mentioned 
above, this buckling problem occurs only when 
thermoplastic composite laminates are being pro- 
cessed In an autoclave. The problem does not 
occur when thermosetting composite laminates are 
being processed because the heat applied to the 
laminate prior to consolidation appears to cause 
sufficient curing to prevent buckling. 

One embodiment of an autoclave that can pro- 
cess composite laminates without causing them to 
buckle Is Illustrated in Rgures 3 and 4. Most of the 
components of the autoclave 2 and processing 
assembly 10. including the tool 12, air-imperme- 
able sheet 16. edge seal 18, breather doth 30, 
release film 32 and vacuum porte 20, 22, are 
common to the prior art autoclave 2 and process- 
ing assembly 10. Therefore. In the intereste of 
clarity and brevity, these componente have been 
given the same reference numerals in all of the 
figures. In order to prevent the compressive force 
exerted on the edges of the laminate L from buck- 
ling the laminate L. a plurality of substantially rigid 
edge strips 40 are placed around the laminate L 
Notches 42 are formed at the ends of the edge 
strips 40 to allow the ends of the edge strips 40 to 
Interfit with each other. The edge strips 40 protect 
the edges of the laminate L from tlie inward force 
exerted by the air-impermeable sheet 16 when the 
autoclave is pressurized. As a result, buckling of 
the laminate cannot occur. 

The edge strips are spaced apart from the 
adjacent edges of the laminate L by a gap G. The 
gap G width "d* (figure 3) should be small enough 
that the air-Impermeable sheet 16 cannot enter the 
gap when the autoclave 2 is pressurized. If the 



5 



9 



EP 0 318 867 A2 



10 



sheet 16 did enter the gap G during the auto- 
ciaving process, it would be able to exert an inward 
force on the edges of the laminate L and thus 
possibly buckle the laminate L. The gap G should 
also be sufficiently large that the inner surfaces of 
the edge strips 40 do not contact the edges of the 
laminate L if the edge strips 40 bow Inwardly in 
response to the inward force exerted by the air- 
impermeable sheet 16. The magnitudes of the in- 
wardly directed forces exerted on the edge strips 
40 by the sheet 16 are proportional to the areas of 
the outer surfaces of the edge strips 40. The areas 
of the outer surfaces of the edge strips 40 are* in 
tum, proportional to their heights "b" (Rgure 3). 
For edge strips 40 supported only at their ends, 
their ability to resist these Inwanj forces is propor- 
tional to their stiffness, which is, in tum, propor- 
tional to the cube of their widths "a" (Rgure 3). For 
best results, the edge strips 40 should have a 
width-to-height ratio (a/b) of at least 3; l.e.. they 
should be at least three times wider than they are 
high. However, for edge strips 40 fabricated from 
materials having an extremely high modulus of 
elasticity or where the edge strips 40 are supported 
between their ends, this width to height ratio may 
not be important 

The height "b" (Rgure 3) of the edge strips 40 
with respect to the consolidated thickness of the 
laminate L must also be considered. It Is believed 
that buckling of thermoplastic composite laminates 
does not occur until the autoclave 2 is pressurized. 
Thus it is not necessary for the edge strips 40 to 
be as high as tiie unconsoBdated thickness of the 
laminate L. Instead, the height *b" of the edge 
strips 40 should be equal to or greater than the 
consolidated thickness of the laminate L If the 
height of the edge strips 40 Is less than the con- 
solidated thickness of the laminate U the air-im- 
permeable sheet 16 can contact the edges of the 
laminate U either directly or through the interven- 
ing release film 32 and/or breather cloth 30, and 
thus cause buckling of the laminate L 

Although the embodiment of Rgures 3 and 4 
uses notches 42 to interconnect the edge strips 40, 
other interconnecting structures can be used. For 
example, as illustrated in Rgure 5, the edge strips 
40' can be Joined to each other by welds 50. 

As pointed out eariier, it is Important that the 
edge strips 40, 40' be secured against movement 
with respect to the laminate L The edge strips 40. 
40' are restrained against relative movement in the 
embodiments of Rgures 3, 4 and 5 by securing the 
edge strips 40, 40' to each other. However, the 
edge strips can also be restrained agsunst move- 
ment by fastening the edge strips to the tool, as 
illustrated in Rgures 6 and 7. In this latter embodi- 
ment, a plurality of aligned, spaced-apart^ bores 60, 
62 are formed in the edge strips 40 and 12, 



respectively. A pin 64 is inserted into each of the 
aligned bores 60. 62 to prevent any lateral move- 
ment of the edge strips 40*. The embodiment of 
Rgures 6 and 7 has the advantage that the edge 

5 strips 40" need not be as wide as those in the 
embodiments of Rgures 3, 4 and 5 since they are 
supported throughout their lengths and thus do not 
have a tendency to bow inwardly in response to 
the inward force exerted by the air-impermeable 

70 sheet 16 when the autoclave 2 is pressurized. 

The Inventive method and apparatus for lami- 
nating composite materials thus prevent the lami- 
nate from wrinkling or buckling during the auto- 
clave process using most of tiie components of 

75 conventional autoclaves. As a result it can be 
operated by anyone who is capable of operating a 
conventional autoclave, and it can easily be adapt- 
ed to fabricate laminates having a wide variety of 
shapes sizes. 

20 

Claims 

1. A method of laminating composite sheets to 
25 form a composite structure, comprising: 

providing a tool having a woridng surface with a 
contour conforming to the desired configuration of 
said composite structure: 

stacking a plurality of said composite sheets on the 
30 woridng surface of said tool, thereby forming a 
laminate; 

placing an edge strip adjacent each edge of said 
laminate, said strips being secured so that they 
remain relatively stationary with respect to said 

55 laminate, each of said edge strips being spaced 
apart from the adjacent edge of said laminate by at 
least a first predetermined distance and by no 
more than a second predetermined distance; 
covering said laminate and said edge strips with an 

40 air-impermeable sheet and sealing said sheet to 
said tool around said laminate so that said sheet 
and tool form an airtight vacuum bag; 
applying a differential pressure to said vacuum bag 
and applying heat to said laminate, thereby con- 

45 solidating said laminate and forming said laminate 
Into a unitary structure, said first predetermined 
distance being selected so that each of said edge 
strips remains spaced apart from its adjacent edge 
of said laminate in the event of any Inward deflec- 

60 tion of said edge strip when said differential pres- 
sure is applied, and said second predetenmined 
distance being selected so that the gap between 
each of said edge strips and the adjacent edge of 
said laminate is too nanrow to allow said alr-im- 

55 permeable sheet to force Itself into said gap when 
said differential pressure Is applied. 
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2. The method of claim 1, further including the 
step of placing a breather cloth over said laminate 
prior to covering said laminate- with said air-im- 
permeable sheet 

3. The method of claim 1 wherein said vacuum 
bag is evacuated prior to applying a pressure to 
the outside of said vacuum bag. 

4. The method of claim 1 wherein said edge 
strips have a height that is greater than or equal to 
the consolidated thickness of said laminate. 

5. The method of claim 1 wherein said edge 
strips have a width-to-height ratio of at least three 
so that said strips have sufficient stiffness that they 
are able to resist the inward force exerted on said 
edge strips by said differential pressure without 
significant Inward deflection. 

6. The method of claim 1 wherein said edge 
strips are secured to each other so that said edge 
strips remain relativeiy stationary with respect to 
said laminate. 

7. The method of daim 6 wherein notches are 
formed In the ends of said edge strips, and wherein 
said notches engage the notches of adjacent edge 
strips so that said edge strips restrain each other 
against the inward force exerted by said differential 
pressure. 

8. The method of claim 6 wherein the adjacent 
ends of said edge strips are welded to each other 
so that said edge strips restrain each other against 
the inward force exerted by said differential pres- 
sure. 

9. The method of claim 1 wherein said edge 
strips are secured to said toot so that said edge 
strips remain relatively stationary with respect to 
said laminate. 

10. The method of claim 9 wherein a plurality 
of spaced-apart aligned bores are fonmed in said 
edge strips and tool, and wherein said mettiod 
furttier includes the step of inserting removable 
pins into said bores to restrain said edge strips 
against tiie inward force exerted by said differential 
pressure. 

11. In a method of operating an autoclave to 
fabricate composite structures from a laminate of 
composite sheets, said autoclave including a tool 
having a woricing surface on which said laminate Is 
placed and an air-impermeable sheet including 
means for sealing said sheet to said tool around 
said woricing surface so tiiat said sheet and tool 
form an airtight vacuum bag, an Improved metiiod 
of preventing budding of said laminate as it is 
consolidated in said autoclave, said metiiod com- 
prising placing an edge strip adjacent each edge of 
said laminate, said strips being secured so that 
they remain relatively stationary witii respect to 
said laminate, each of said edge strips being 
spaced apart from the adjacent edge of said lami- 
nate by a gap tiiat is too nanrow to allow said air- 



impenmeabie sheet to force itself into said gap 
when said autoclave is pressurized but wide 
enough to maintain each of said edge strips 
spaced apart from tiie adjacent edge of said laml- 
5 nate in the event of any inward deflection of said 
edge strip when said autoclave is pressurized. 

12. The method of daim 11 wherein said edge 
strips have a height tiiat is greater than or equal to 
tiie consolidated tiiickness of said laminate. 

10 13. The method of claim 11 wherein said edge 
strips have a widtii-to-height ratio of at least ttiree 
so tiiat said strips have sufficient stiffness that they 
are able to resist tiie inward force exerted on said 
edge strips when said autoclave is pressurized. 

75 14. The method of claim 11 wherein said edge 
strips are secured to each other so tiiat said edge 
strips remain relatively stationary witii respect to 
said laminate. 

15. The method of claim 14 wherein notches 

20 are formed in the ends of said edge strips, and 
wherein said notches engage tiie notches' of adja- 
cent edge strips so that said edge strips restrain 
each other against tiie inward force exerted on said 
edge strips when said autoclave is pressurized. 

25 16. The method of claim 14 wherein the adja- 

cent ends of said edge strips are welded to each 
other so tiiat said edge strips restrain each other 
against tiie inward force exerted on said edge 
strips when said autoclave is pressurized. 

30 17. The method of claim 11 wherein said edge 

strips are secured to said tool so that said edge 
strips remain relatively stationary witii respect to 
said laminate. 

18. The method of claim 17 wherein a plurality 
35 of spaced-apart, aligned bores are fomned in said 

edge strips and tool, and wherein said method 
furtiier includes the step of inserting removable 
pins into said tsores to restrain said edge strips 
against the inward force exerted on said edge 
40 strips when said autoclave is pressurized. 

19. An apparatus for ^ricating composite 
structures from sheets of composita material, com- 
prising: 

a tool having a working surface with a contour 
45 conforming to tiie desired configuration of said 
composite structure, said sheets of composite ma- 
terial being stacked on said woricing surface to 
form a laminate; 

a plurality of edge strips sun^ounding said laminate 
50 so that one of said edge strips is positioned adja- 
cent each edge of said laminate, said strips being 
seoired so that they remain relatively stationary 
witii respect to said laminate, each of said edge 
strips being spaced apart from tiie adjacent edge 
55 of said laminate by at least a first predetermined 
distance and by no more than a second predeter- 
mined distance; 

an air-impermeable sheet covering said laminate 



7 



13 



EP 0 318 867 A2 



14 



and said edge strips: 

means for sealing said air-impermeable sheet to 
said toot around said laminate so that said sheet 
and tool fbmn an airtight vacuum bag; and 
an autoclave for applying a pressure to said vacu* 
um bag and applying heat to said laminate, thereby 
consolidating said laminate and forming said lami- 
nate into a unitary structure, said first predeter- 
mined distance being selected so that each of said 
edge strips remains spaced apart from its adjacent 
edge of said laminate In the event of any inward 
deflection of said edge strip when said autoclave 
applies S£Bd pressure to said vacuum bag and said 
second predetermined distance being selected so 
that the gap between each of said edge strips and 
the adjacent edge of said laminate is too narrow to 
allow said air-impermeable sheet to force itself Into 
said gap when said autoclave applies said pressure 
to said vacuum bag. 

20. The autoclave of cl^m 19. further including 
means for evacuating said vacuum t>ag prior to 
when said autoclave applies pressure to said vacu- 
um bag. 

21. The autoclave of claim 20. further including 
an air-permeable breather cloth covering said lami- 
nate beneath said air-impermeable sheet to facili- 
tate the evacuation of s^ vacuum bag. 

22. The autoclave of claim 19 wherein said 
edge strips have a height that Is greater than or 
equal to the consolidated thickness of said lami- 
nate. 

23. The autoclave of claim 19 wherein said 
edge stripes have a width-to-height ratio of at least 
three so that said strips have sufficient stiffness 
that they are able to resist the inward force exerted 
on said edge strips by said pressure without signifi- 
cant inward cteflection. 

24. The autoclave of claim 19 wherein said 
edge strips are secured to each other so that said 
edge strips remain relatively stationary with respect 
to said laminate. 

25. The autoclave of claim 24 wherein notches 
are formed in the ends of said edge strips, and 
wherein said notches engaged the notches of adja- 
cent edge strips so that said edge strips restrain 
each other against the inward force exerted by said 
sheet when said pressure Is applied to said vacu- 
um bag. 

26. The autoclave of claim 24 wherein the 
adjacent ends of said edge strips are welded to 
each other so that said edge strips restrain each 
other against the inward force exerted by said 
sheet when said pressure is applied to said vacu- 
um bag. 

27. The autoclave of claim 19 wherein said 
edge strips are secured to said tool so that said 
edge strips remain relatively stationary with respect 
to said laminate. 



28. The autoclave of claim 27 wherein a plural- 
ity of spaced-apart» aligned bores are formed in 
said edge strips and tool, and wherein a pin is 
inserted in each of said bores to restrain said edge 
5 strips against the inward force exerted by said 
sheet when said pressure is applied to said vacu- 
um bag. 
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